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necrotic regions are expected to be resistant to radiation therapy and many forms of chemotherapy, but sensitive to hypethermia and treatment with hypoxic cell cytotoxins (Sutherland et al., 1988) . A non-invasive imagng method for detection of necrotic regions in tumours would in all likelihood represent a useful tool for predicting tumour response to treatment (Hawkins and Phelps, 1988; Steen, 1992) .
Proton nuclear magnetic resonance imang (MRI) is well established as a diagnostic method in clnical oncology, but has been devoted less attention as a potential method for providing information on metabolic and physiological conditions in tumours (Steen, 1992; Rofstad et al., 1994) . The proton spin-lattice and spin-spin relaxation times (T1 and T2, respectively) in tumours are influenced significantly by the fraction of free to bound water and the presence of paramagnetic ions (Braunschweiger et al., 1986; Negendank et al., 1991) . The possibility has therefore been suggested that viable and necrotic regions in tumours might differ in T, and T2 (Banard et al., 1986; Belfi et al., 1991) and hence that MRI might be developed to be an efficient method for detection of necrotic regions in tumours (Dodd et al., 1989; DeJordy et al., 1992; Rofstad et al., 1994) . Several in vitro studies of tumour cells and tissues have given results supporting this suggestion (Bakker and Vriend, 1983; Englund et al., 1986; Sillked et al., 1990) .
Development of MRI methods for detection and quantitation of necrotic regions in tumours in vivo requires detailed and careful comparative evaluation of MR images and histological sections. Procedures for determining T, and T2 distributions of tumours by MRI have been established in our institute . Previous 
where 1 is the image intensity at TE' and i is a member of E [1, 4] (the four TEs). Further details in the calulations have been described previously . . .
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---0 0 0 tumour, two from each of the 3-mm-thick imaged areas. The two histological sections representing the same imaged area were separated by approximately 1 mm (Figure 2a and d; P<0.01) . Similarly, the necrotic regions showed a significantly shorter T2 than the regions of viable tissue (Figure 2b and (Figure 2c and f).
The results from all tumours included in the study are summarised in Figure 3, (Figure 3a; P<0.05). T2 was also significantly shorter in the necrotic tissue than in the viable tissue in all tumours (Figure 3b ; P<0.05). In contrast, the necrotic and viable tissue did not differ significantly in No in most tumours (Figure 3c ).
The differences in the T, and T, distributions between the necrotic regions and the regions of viable tissue were sufficiently large in all tumours that synthetic spin-echo images showing clear contrast between necrotic and viable tissue could be generated. Maximum contrast was achieved with TRs within the range 2800-4000 ms and TEs within the range 160-200ms . Figure 4 shows a HUX-t tumour with massive necrosis in the upper third, the same tumour as illustrated in Figures I and 2 . A BEX-t tumour with a broad band of necrotic tissue centrally is illustrated in Figure 5 . Dark and bright areas in the synthetic spin-echo images (Figures 4a and 5a) al., 1991; DeJordy et al., 1992) . T1 and T, have been shown to increase with increasing water content in tumours (Braunschweiger et al., 1986; Belfi et al., 1991; Rofstad et al., 1994) . Second, necrotic regions in tumours can contain extravasated erythrocytes, releasing paramagnetic femrc iron during haemoglobin denaturation (Woodruff et al., 1987) . Extravasated erythrocytes have been shown to produce significant decreases in T, in tumours (Van Bruggen et al., 1990 ). Significant haemmorhage was not seen in the necrotic regions of the tumours studied here. Third, development of necrosis in tumours can also lead to an increased concentration of freely dissolved paramagnetic ions due to the denaturation of enzymes and other proteins with which the ions are complexed in intact tissue (Negendank et al., 1991) . Protonelectron dipolar interactions are characterised by significant and relatively equivalent decreases in TF and T2 with increasing concentrations of paramagnetic ions (Bloembergen et 1948). Consequently, the shorter T, and T2 in the necrotic than in the viable regions of the human tumour xenografts studied here were probably caused by the presence of paramagnetic ions rather than by possible changes in the tumour water content. This interpretation is consistent with the observation that phosphorus T, values also decrease with increasing fraction of necrotic tissue in human tumour xenografts (Olsen et al., 1994) .
Several studies performed in vitro have suggested that T, and T2 are shorter in necrotic than in viable tumour tissue. Thus, relaxation measurements of excised experimental and human tumours showed that T, decreased with incrasing fraction of necrotic tissue in the tumour samples (Bakier and Vriend, 1983; Englund et al., 1986) . Moreover, MR microscopy of multicellular spheroids showed that T2 was shorter in the necrotic centre than in the surrounding rim of viable cells (Sillerud et al., 1990) . The results from our in vivo study of human tumour xenografts were thus in agreement with the results from these in vitro studies.
MRI studies in vivo comparing T, and T2 in necrotic and (Thomlinson and Gray, 1955) . This has been verified for some experimental and human tumours by using autoradiography to detect the presence of sensitiser adducts formed after administration of [3H]misomndazole (Chapman, 1991 
